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SET3 OF RELAYS FOR TWIN-CONDUCTOR CAPACITOR-TYPE CONNECTING LINES

FOR THE A
Vestnik Svyasi /Communications L. Ya, Eydel'man, Engineer,
Rerald/, No 4, 1954, Moscow, Scientific Worker, TaNIIS

yages 3-7

‘The article exasines the circuits and the installation of sets of
relays for twin-conductor capacitor-type connecting lines for the ATS-47;
the principle of operation of these sets is based on a new Russian ring-
off method. A device is described which automstically eliminates the
Tailure to ring-off in 2-conductor connecting lines equipped with the

aborvo. relay sets.

General Information

To malke effective use of the capacity of existing interstation cables
of municipal telephone networks and to reduce the cost of newly-installed
cables, the TsNIIS ﬁlqntru.l'niy Rauchno—-issledovateltsidy Institut
Svyasi — Central Scientific Research Institute for Commumication/ has
sirultanecusly developed 2 variants of relay sets for twin-conductor
interstation connécting lines: the neon-lamp connecting line relay,
which subsequently was modernised into a thyratron connecting-line relay
SRSL—T s and & variant of a connecting line relay of the capacitor type

RSL-K). The development of connecting line relay sets with gas-filled
tubes /see Note below/ hos resulted principslly in the possibility of
insuring a rathsr high input resistance of the ring-off relay connected
in series with the tube in the speech wires. This was the principal
advantage of a connecting-line relay of this type, for its development
elininated the need of investigating the distortion of the dialing pulses

when twin conductor connscting lines are used.

(/Fote:7/ RSL-T sets are described in Vestnik Svyasi, No 1, 1952.)

It turned out later, however, that the use of a semifinished article
such as a thyratron, which is nonstandard for the ATS'[:vtount.ichoakaya
telefonnaya stantsiya — automatic telephone station/, not only fails to
improve the circuit, but also leads to certain serious shortcomings. The
Principal shortcomings are: (1) increased value of the employed alter-
nating current voltage (160 v);.(2) need of installing a 25-cycle AC
generator in the ATS and of installing step-up transformers as well as
signal racks, equipp>d with panels containing swdtching and signal relays,
voltmetars with signal contacts, and other instruments; (3) use of the
loop method of transmitting the AC ringz-off signal; this method unavoid—
ably causes apinning of t.he brushes of the selectors of the various stepe
and an excessive wear oi the mechanism whenewer the subscriber fails to
make connection during the time that the number is dialed, and also
during the process of eliminating the failure to ring-off in the called
sets of connecting line relays; ?l.) the need for storing at each ATS
a considerable number of spare thyratrons which are relatively expensive;
(5) need for providing each ATS with special instruments for testing

the thyratrons.

In the development of the RSL-K sets, the principls of operation
of which is based on a new Russian ring-off method [goo Note below/,
the aim was to use in these zets only those elements that are quite
stable and that do not differ at all from those ordinarily used in the
ATS circuits., Such twin-conductor comscting-line relays, being of the
sane type as the equipment of any ATS, could easily be produced by the
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industry. It would also be desirable to avoid employing supplementary
sourczs of alternating-current and step-up transformers.

(/Fote:/ Inventor's certificate No 90,533, class 21 a3, 34/20,
priority of 6 April 1950.)

The following basic techmlical requirements were imposed on the
developed twin-conductor connecting-line relays: (1) reliable opsration
over connescting lines, in which the resistance of each wire does not
exceed 1,500 ohms on the_section from the IGI /First Group Selsctor/
to the LI /Line Selector/; (2) the oonnesting-line relay sets must not
impair the quality of the telephone communication and must not intro-
duce changes in the circuits of the basic ATS instruments; (3) 2 sectiors
of twin-conductor comnecting lines should be capable of being connected
in cne speech path; (4) the use of the comnecting-line relays should not
cause oxcessive wear on the selectors owing to spinning of their
brushes at the instant when a ring—off pulse passes through the connect-

ing line,

The circuits devsloped for the calling and called sets RSL-K for
the ATS-47 fully satisfy the above requirements. These sets insure
reliable action over the connecting line, in which each wire has &
resictance exceeding 2,000 ohms, using the existing station common
25-cycle source of ringing current to transmit the ring—off pulses.
Prolonged experimental operation of commercial sets RSL-T and RSL-K
has shown that at present the RSL-K sets are the most acceptable, The
industry has already started output of new, larger experimental series

of these sets,

The features of the twin-comductor RSL-K circuits, their basic
shortcomings, and methods of eliminating these shortcomings will be
discussed below, after we shall describe the principa)l RSL-K circuits
which were perfected during the experimental operation.

Current Flow in the RSL-K Circuits

The RSL-K circuits are installed in regiocnalised mmicipal telephone
networks, equipped with decade-stepped ATS. Fach twin-conductor con-
necting line is connected on one end to the output of the calling set
of connecting-line relays (out RSL) and the other end to the ingput of
the called set (in RSL), as shown in Figure 1. These ssts are intended
for connecting the twin-conductor connection lines from the decade-
stepped ATS to the decade—stepped cnes (Figures la and b), from decade=
stepped ATS to machine ones through intermediate equipment (Figure lc),
and from machine ATS to decade-stepped ones with the countering set (VK)
being directly conneated to the calling connecting-line relay set

(Figure 1d).

The principal diagram of the RSL-K sets is shown in Figure 2.
It contains 5 tyro~RPN relays, of which 3 belong to the calling and
2 to the called sets. The circuit is based on the principle of engaging -
and releasing the sets of the called station whenever short-periocd pulses,
transmitted by the calling comneoting-line relay sets are received, and
provides for continuous supervision of the working order of the connect—
ing lines, of the presence and wor order of the called connecting-
line relay sets and of the II/IV GI /II/IV Group Selector/ (or other
sets) connected with it, For this purpose a control relay X (7,300 ohms)
is provided in the calling set, and this relay operates in the loop of
the connecting lire, receiving the plus feed from contact 2-1 of push-
button Bl. Kn. of the called connecting-line relay set over wire &, snd
receiving the minus fesd from relay O in the II/IV GI circuit over
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wire ¢ and further through the \winding of relay Z (350 ohms and 1,C00
ohms) over wire b, In tkis ciruvuit, the relay Z of the called oonnesat-
ing-line relay set and relay O in the II/IV GI circuit do not cperate,
for they do not receive enough current,

" "If the control ciroult is In working order relay K pulls in its
armature and contacts ¥ (1-2) and k¥ (1-2) prepare the circuit of
the calling connecting-line relay set for engagemsnt by the selector
of the preced ‘selection step {over wire ¢) and by mixing selector
SI (over wire b). In sddition, contact kill (2‘73) of this relay opensa
theé .circuit to the signal lamp SL and contact k' (3-4) of this relay
disconnects the conneoting-line relay set from ths discard circuit,

When the brushes of the IGI (or of the II/IV GI) stop on the outleta
to the free calling set, the test relay P will operate in the circuit
of this p selector, receiving a minus feed over the ¢ wire through
relay O (350 ohm) of the calling set. Relay O in this circuit ops.ates
and seals in with contact ol (1-2) until relay R cperates. Contact
oIITI (4-5) of the O relay connects the high-speed relay R, and contacts
oV.(2-3) ahd ol (1-3) break the control cirouit and connect wire b,
while contacts oY (1-2) and ol1X (3-4) prepare the circuit that’ registers
the load and breaks the discard circuit. Relay K reloases its armsture
with a time delay of 50 to 60 milliseconds, owing to the transitio-
contact o' (1-3), which shunts the winding of this relay. During this
time the engagement pulse will arrive from the calling-set circuit, and
this pulse will actuate the engagement relay Z in the incoming set,
receiving the plus feed over wire b of the connecting line from the
contact kII1 (2-3) and the minus feed over wire ¢ from the IT/IV GI

circuit.

Mounted on relay Z are the transfer—switching contact groups No 95
(sI and 3Y); therefore a triple contact is formed in them prior to
the ‘oning, and relay Z received additional supply over a local cir-
cuit andis sealed-in in this circuit by contact zV (1-3). Contacts
21 (1-3) ana .III (4-5) connect the conversation wires a and b, while
contact s1II (1-2) closes the circuit for ™added supply™ of the winding
of relay O, which is connected by contact sV (1~3) through resistor

T'2e

In the outgoing set, relay R pulls in its armature after relay O
operates. The contacts rV (4-3) and rV (4~5) of this relay remove
the shunt from the second winding of relay O and connect this winding
to wire ¢; as a_result the holding circuit of relay O remains on
after oontact kI (1-2) opens, and_the set aenﬁi}n until the ring-off
pulse is transmitted.. Contacts rt (1-2) and (3-2) prepare the
clvcuit by which this pulse is transmitted with-altermating current
and eliminate the possibility of the control circuit becoming closed
after the armature of relay O drops out in the calling RSL set.
Contacts rV (3-4) and rl (4-5) break the circuit that tests for engage—
ment of mixing selector SI over wire d and close the circuit to counter
Sch which records thes number of engagements. Thus, once the called
set beoomes engaged, relay Z remains energised in it, while relays O
and R remain energised in the calling set. Connected in parallel
to the speech wires of the receiving set is a differential bri.dge
(consiating of 2 0,5 microfarad capacitors, the 2 pairs of symmetric
windings of relay 7, and choke L), and the ring-off ialay O is
connocted to the center puint of this bridge.

The process ol further dialing “he number and establishing the
connection is carried out in ths usuval manner. After ring-off, the
circult over which relay O of tha callir,g set receives its supply
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from the side of the group-selector of the preceding step becomes open.
Beslay O relsases its armature and relay R becomes deenergised. Daring
the time that relay R drope out (80-110 adlliseconds) the ring-off pulse
is‘*transmitted with alternating current over both principsl ciicuits
tlirough the commecting line from the called staticn side. In the
calling set, each of these circuits begina with the terminals of the
sscondary half-winding of the genersl station transformer Tr, to whigh
is connected the 60-v central .battery, and passes throuzh a set of
individual fuses for each wire, a protective lamp (Lgs Lyp), a lisdting
reaistance (ry and r;) and the suitable contacts of relays O and R,

In tne called set tihwse circuits comprise the contact springs of the
test jack (I. Gn), the corresponding arms of the differential bridge,
and the winding of ring—off relay O (2,000 ohms).

The passage of altermating current through the above-menticned
circuits causec operatiom of relay O, which, first of all, for a short
time’ prioi to the release of the armature of relay Z, is blocked by its
contact oll (1-2) in the local circuit (through resistance r3), and
whose contact oIV (1-2) later breaks the holding circuit for relay Z
of the called set and of relay O in the II/IV GI circuif. The latter
relay releases its ~rmature, after which the II/IV GI ™goes cff™ into

ring-off.

Releasing the armature of relay Z shunts relay O and disconnects
its ™added aupply™ and prepares for the formation of the control cir-
cuit, This method of disconnecting the ring-off relay O insures that
the time heeded to release its armature ranges from 350 to 380 milli-
seconds. Thanks to this, the called set cannot be ocoupled during the
timo that the altermating current ring—off signa)l passes through, even
if up to 4 sections of twin-conductor connecting lines participate in

the connection.

After relay R of the calling set and relay O of the receiving set
release their armatures, and the brushes of the II/IV GI return to the
initial position, the control cirauit is again formed. Relay K of
this circuit operutes; the circuits of the set reach the nonworking
state, and the connecting line is prepared for the next occupancy.

If the control circuit becomes damaged for some reason or other,
the relay K of ths calling set releases its armature, and this closes
the circuit for the technical signaliszation. The signal relay TS
(which is located on the signal panel of the RSL rack) of this circuit
operates, receiving its plus supply from contact kIl (1-2) through
the contact of relay O, pushbutton Bl. Kn., and signal lamp SL (ome
Per panel}., At the same time a circult is produced, through which
relay R receives the discard pulses over wire SU through contacts kV
(3-4) and olIl (3-4), and through the pushbutton used to disconnect

the discard equipment (Xn. SU).

Within approximately one to /4 seconds a Plus signal lasting for 25
to 30 seconds is transmitted from the disgard equipment SOU, anrg this
results in the operation of disconnect relay R, and contacts (1-2)
and rI1II (2-3) transmit into the connecting line an alternating-current
disconnect pulse. Such pulses can arrive from the discard equipment SU
every 5 seconds. If the control circuit does not become restored under
the influence of the disvcard equipment within one minute (i.e., if the
state d the so-cailed failure to ring-off is maintained), testifying to
a damage to the connecting line or to the sets on the ctlled ATS, the
rac! and row signalisaiion will go into effect. To determine on which
panel a RSL set with a faulty connecting line is lo¢cated, the technician
on watch should press the common Pushbutton TS, which causes the signal

lamp SL to glow,
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Having determined the proper panel and having removed its cover, the
technician can quickly find the faulty RSL sst, for im this get 211 3
relays are :Lnaporativp.

At the instant-that the calling RSL set is blooked by ths individual
pushbutton Bl., Kn., the signalisation circuit is broksn and a repeat -
signalisation circuit is formed by contacts 5 to 4 of this pushbutton,
which circuit is closed when ths control circuit is restored. In this
case the technician releases pushbuttom Hl. Ekn.,, after which the signal
lamps go out. If any of the rack fuses blow out in the AC clréuit, the
signal ‘relay PPT on the “signal panel operates and disconneots the dis-
card equipment until a good fuse is installed.

Current Flow in Discard-Device Cirouit

The discard-device circuit is shown in Figure 3. If failure to
ring-off occurs, relay TS on the signal panel of the stand ‘of the calling
RSL set operates and its coatact ts {1-2) prepares the circuit which
connects the discard device. At the instant that a plus pulse is
received from the 5-second interrupter, relays B and N (the formér with
2 time delay not less than 70 millisecconds) operate in this circuit. -
Contact bIV (1-2) of relay B breaks the circuit that transmits the dis-
commect pulses, and contact bIV (2-3) comnects relay A, while contact blI
(1~2) closes the sircuit to the series—connected low-resistance windings
of 6 dontrol relays R ~-Rge Control relays Ry~-Rg opergte and seal-in -
with their contacts r%I(l-z), r (1-2), r%I (1-2), r; (-2), r; (2-2),
and rIl (1-2) over wires I-VI, the number of which corresponds fo the
number of wires of the discard device on the diagram of Figure 2.

When relay A operates, relay V becomes connected and the primary
windings of control relays Ry- become disconnected. After this oircuit
is opened, the only control rel R1-R¢ that koep their armatures up
are those from the RSL groups, in nhich faiTure to ring-off occurred.
Other ccntrol relays will release their armatures within one second,
for no minus signal will be delivered to the discard device from these
Penels over the discard-device wires owing to the fact that the circuit
is opened by the contacts of relay K or O.

" When the transmission of the plus signal from the 5-second inter-
rupter is discontinued, relay B releases its armature and contact blV
(1-2) ghunts the winding of relay Ry. During the time that the armature
of this relay is released, relay R the r%ircu:lt that receives the
discard pulses operates and its contacts (1-2) ana rHIT (2.3) provide
a circuit over which the ring-off a-c pulse is transmitted into the
connecting line, At the sams time relays A and V release their arma-—

tures slowly.

In the second gra:p of RSL panels, the plus-signal will flow over
wire II only after the relays R; and A release their arustures (after
200 miiliseconds). The pulse afgnal will be applied in the third grouwp
of RSL panels when relay V releases its armature, when the oirocuit is
formed by contacts bIV (2-1), IV (2-1), iV (2-1), r%v (2-3), v (4-3)
and wire III, If there is faildre to ring~off the” fourth group of
panels, relay V again operates through contact r (1-2) and through the
chain of contacts or relays Ry~ after mlﬂ R_L‘roloasoa its armature,
recelving the plus =signal from tbhe contact b (i-z), and sends the IV.

If there is lack of ring-off in the fifth group, the second wdndings
of relays A and G are connected through the contacts of relays Rl-R5,
and as a result relay A again opsrates; relay V, on the other hand,
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releases its armatures, for its windings are connected in a differential
manner. After tie failure to ring-off is eliminated from the f£ifth -
group of 'vanoh and if there 1s failure to ring—off in ‘the sixth group,
contast r! (1-2) opéns the circuit to the second windings of relsys i
and V, uﬁuantultaplud@-lhtrmnlttodthmghun VI
sver a chain of contacts of relays Ry-RB¢ snd relay B. After relay B¢
relsases its armature, the discard-device circuit returns to its
initial state. ‘

“If any ‘of the fuses in the AC circults of the calling RSL burn
out, .the “nl‘ayIHt on the signal panel operates. This relay, by means
of contact ppt (1-2), breaks the starting c¢ircuit of the dscard
device until a new fuse is installed on the rack. The discard device
is disconnected by means of special pushbuttons marked Kn,Su.

Construction of RSL-K Sets

The RSL sets presently contained in the ATS are mounted on 12~
relay removable panels, mounted on individual racks. Each penel con-
tains 3 sets of BASL. The capacitors are placed directly on the racks.
The racks with the panels of the calling and calied RSL are showm in
Figures 4 and 5 respectively. The discard device is mounted on the
signal panel. The frames with the signal "lamps and with pushbuttons are
located in the center portion of the rack. In nrder to reduce the cost
of new commercial RSL-K sets, they will be mourted on larger removable
panels (5 sets pér panel). In this case a considerably smaller area
will be ‘needed to install the RSL-K, for each rack will carry 90 RSL

asets instead of 50. o ;

Results of Experimental Operation

Experimental operation of the RSL-X sets has confirmed the technical
soundness and economy of application. of the new ring-off method, the
stable operation of the sets, and their advantages compared with other
types of twin—conductor RSL. At the same time, certain shortcomings of
the RSL-X sets became evident. The principal shortcomings are: (1)
spinning of the selector brushes of the subsequent stages whenever .
ririg-off occurs when the number is not reached, which causes a cansid-
erable nonproductive wear of the II/IV 'GI; (2) possible ocourrence of
so—called false engagement signals at an instance whsn the calling sets
are engaged for & short period over wire c by the passing brushes of the
selectors (the short-pericd engagement pulse will operate rolay Z, which
causes engagement of the II/IV GI, and ring-off relay O will not have
time to operate, owing to the insufficierit duration of the AC ring-off
pulse); (3) possibility of repeated engagement of the received RSL set
in the second section of the connection line, caused by the AC ring-off
palse. During control tests, the number of cases when the brushes of
the seleclors of the succeeding stages were spinning amounted to 24.6%,
and the number of false engagements reached up to 0,06% of the total
nunber of RSL engagements with the discard device disconnected 3 in
addition, several cares were observed whers the RSL of the second
section became engagud repeatsdly. These shortcomings have been
eliminated in the RSL-K circuit shown in Figure 2 (see description of
operation of ring-off relay O).

Basic Circuit, Features of the RSL-K and of the Discard Device

A selenium rectifier is connected in the contiol circuit in series
with relay K. The purpose of this rectifier is to prevent K relay from

operating through thes windings of pulse reiay I in the II/IV GI or LI
circuit if the relay O of the called RSL set does not opsrate during
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(3) The total iagudsnse of V3 differemtial bridge of the salled
R3L set sxseeds 18C,000 otum at 1,000 cycles, nd therefore
the set hardly affests the attenuation of the talicing sirewit,

(4) The R31L-K sets iapreve the tramsmission of the dialing pulses,
1y 1f ths commesting limse are of short or medism lengths
(with wire resistanes wp to 1,000 ochme) and LRis increases the reliability

of opesretion of the saleator slectiromagrets.

(5) The dialing pulses 40 not affeet “he rimg-off relay O of the
called oot, since the charging snd discharge of ssrrent of the sapasitors
connected in the wires of the palse cireiit pass through the winding of

this relay in opposits direstions.

(6) The RSL-K sets produes riag-off with & stancard source of
alternating curvest, which does not introduse anyihing new in the oper-
sting conditions of Lhe decads-stepped automatic Lealephone stations.
Replacing the 2-winding station transformr in the sigaal-calling deviee
by a J-winding one (see diagream im Figure 2) resslts in satohing of thw
polarities on the windings of the transforser and ¢ the palse relay of
the 11/1V Gi; the oppoeing flow of the altermating surrent ip these
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windings, slixinstes complstely the first of tlLe above-asntioned short-
comings, namily, the possibility of spinmning the sslector brushes of
the next stage during ring-off if the disling has not been completed
ad duringthe elimination of the fallure to ring-off with the ald of
the discarding device. During the experimsntal operation of the RIL-X,
the station transformer for uhe

ringing
of altermating current. 7Ths winding of the above transformer has, as
is well knowm, a "xinus™ polarity; therefore, during riag-off the pulse

relay I in the I1/IV GI c“feouit has operated sometimes because of ocurrent
passing through one of the windings {with plus polarity), which receives
a minus supply through the transformsr winding. (It mast be noted that
i the loop method is used to trsasmit the ring-off sigsmal with alter-
nating current at 25 or 50 cycles it is iapossible to sliminate com—
Pletely cases of selector brush spimming inasxich as the alte

current passes in seriss through the wiandings of *hw pulse relay I-.

In order to sliminate the second of the adbove shortcomings, the relsy

O in the circuit of the calling set is blccked mmtil relay R operates.

In sddition, relay R, which forwerly had a time-~delsy winding on its
core, is now equipped with a occutrollabls time-delay winding and has

thus becoms faster in action.

" The diccard device that las been developed, which is of the pulse
type, and in which the plus signal is at different times to 6 groups
of RSL panels, does not allow the discard palsses to enter into sets that
are in working order, inasmuch as the somnecting aircuit of this device
is formed in thess sets only for thes time during which the selector
brushes return to the initial position, plus the duration of the time
required for relay K to operate (i{.e,, within 300 to 400 milligeoconds).
However, for RSL sets that are not in working order, the 1elays K and O
do not pull in thelr armatures, and therefore, prior to the arrival of
the plus signal from the 5-second interrupter (i.s., for the duratiom
of one second), the only control relays-that reaain blocked in the
discard device are those or panels with RSL that ars no% in woricing order.
The use of guch a discard device inscres avtomatic elimination of failure
to ring-off prior to the appearanse of a technical signal, and therefore
the technical personnsl is called upon to intervens only in those cases
in which the connecting line or the corresponding instruments are damaged.

-

Economic Effect of Introdusing the Twins-Conduator Connecting-line Relays

The general shortcoming of twin-sonductor connecting-line relays of

any type is the need of installing supprlemsntary equipmsnt at the auto-
matic telephone staticn and this requires a certaln amount of installa-
tion space, This naturally increases somewhat the capital expenditures

and the operating costs, and also the coansumpilcon of nonferrous mestals
for station equipment. Howver, technical-economiz aralysis has shown
that these additional costs caused by the introdaation of twin-conductor
connecting-line relays are offsst by the mo™s saonaideradle reduction in
capacital expenditures and opsrating scsts for line atructures and by

A substantial reduction in consumption of nonferrors metals in theae
atructures. {(This is based on preliminary data of the TsNIIS which can
be refined only after the connsating-line rslays btecoms available in
regular production,)

Therefore, the introduction of Z-zondustor connecting-line relays
becomes econcmically advantageous with respszt to the various inddxes
under certain conditiona:

(1) wWith respect to capital expenditires -~ if the conneating line
18 3.5 km long; here the consgumptlion of rounferrous metal for station
structures increasss by 0.5 t, and the cexswusmption for line structures
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1ine decreasss bWy 2.5 timos. )

{2) nummmm-ummm
is 200 = long.

) awmuwmm—ummmmo
1s 1.3 Im lomy,

Considering that the length of the interstation comnecting lines

exceeds 3.5 kn in the majority of large nets and that thse number of

regionalised nets increased every year, it is easy to visualize the
tremandous econamic effect that wdll resalt from introducing twin-

conductor connecting-line relays in all segionaliasd nets,
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